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Background: Genetic and environmental factors are known to be related to the development of child-
hood eczema. Our aim was to assess the environmental factors associated with the prevalence of eczema
among children using a web-based survey.
Methods: In June 2012, we conducted a nation-wide web-based survey to identify the prevalence and
characteristics of allergic diseases among Japanese children. The prevalence of allergic diseases including
eczema was assessed using the International Study of Asthma and Allergies in Childhood core ques-
tionnaire. The associations between eczema prevalence and environmental factors, as well as those
between background characteristics and comorbid allergic diseases among 6e12 year old children were
assessed.
Results: A total of 28,348 children were included in the analysis. The prevalence of current eczema was
13.0%. Current eczema was signiﬁcantly associated with a higher prevalence of wheeze, rhinitis, and food
allergy. In multiple logistic regression models, birth during autumn (aOR: 1.18 95%CI: 1.06e1.31) or
winter (aOR: 1.21 95%CI: 1.08e1.34), duration of exclusive breastfeeding for at least 6 months (aOR:
1.14 95%CI: 1.06e1.23), and ownership of a pet from infancy (aOR: 2.61 95%CI: 1.68e4.07) were also
associated with a higher prevalence of eczema. The prevalence was lower in those with a high annual
household income (aOR: 0.90 95%CI: 0.81e0.99) and 2 or more siblings (aOR: 0.86 95%CI: 0.76e0.97).
Conclusions: Duration of breastfeeding, season of birth, pet ownership, household income, and the
number of siblings were associated with the prevalence of childhood eczema in a nationwide web
survey.
Copyright © 2016, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Eczema/atopic dermatitis (AD) is the most common chronic
inﬂammatory skin disease of childhood. Worldwide epidemiolog-
ical surveys have reported a high lifetime prevalence of over 15% in
many developed countries and a lower but increasing ﬁgure in
developing countries as well.1,2 Not only does it place a signiﬁcant
burden on the healthcare system and the quality of life of theyo Metropolitan Children's
an.
ety of Allergology.
rgology. Production and hosting by Elsepatient and family,3 it often precedes other allergic diseases such as
asthma and allergic rhinitis, known as the “atopic march,” sug-
gesting a causal relationship or a shared mechanism.4
While there is a clear genetic predisposition for AD,5,6 evidence
suggests that environmental factors along with genetic ones have
an important role in the development of the disease.
In 2012, we conducted a national web-based survey to identify
the prevalence and characteristics of allergic diseases among Jap-
anese children. The web-based survey was chosen as a means of
gathering data for this study because it enables larger numbers of
participants to respond more quickly than conventional methods
and may help to obtain a larger quantity of information, provided
the sample selection is appropriate.7vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
Sample
35,000 parents
No response 2,837 
parents
age <= 12Y
28,343 children
Current eczema
3,691 children
Respondents
32,163 parents, 49,096 children
Excluded age >=13Y 
20,753 children
No current eczema
24,652 children
Fig. 1. Flow chart of the study subjects.
M. Sasaki et al. / Allergology International 65 (2016) 420e424 421The aim of this study was to evaluate the association of child-
hood eczema with a wide range of environmental factors using a
web-based survey.
Methods
Study population and participation
This study was conducted using the Macromill online research
system (MACROMILL, Inc. Tokyo, Japan), which maintains one of
the largest research panels in Japan.
In June 2012, we distributed a questionnaire to evaluate the
prevalence and characteristics of allergic diseases among Japanese
children to 35,000 randomly selected parents in the research panel
who had children aged 6e18 years. Parents ﬁlled in the online
questionnaire regarding each child. This questionnaire consisted of
two major parts: the ﬁrst pertained to the child's general charac-
teristics (such as age, sex, body weight and height), family history,
and various environmental factors; the second was designed to
assess the child's allergic status, and included the Japanese version
of the ISAAC (International Study of Asthma and Allergies in
Childhood) core questionnaire module for wheeze, eczema, and
rhinitis.8 Given the fact that the respondents were the parents and
because of the signiﬁcant increase of missing data concerning their
early life factors in older children, 6e12 year old children were
included in the current analysis.
The study protocol was approved by the independent review
board of the Tokyo Metropolitan Children's Medical Center. All
parents were provided with an online explanation of the purpose
and the procedure of the study, and gave informed consent by
proceeding with the survey. The participants were offered an
incentive of 100 yen (equivalent to approximately US$1.25 at the
time of the study) for response.
Deﬁnitions and classiﬁcations
Current eczema was deﬁned as a positive response to the
following three questions: “Has your child ever had an itchy rash
which was coming and going for at least 6 months?” “Has your
child had this itchy rash at any time in the past 12 months?” and
“Has this itchy rash at any time affected any of the following places:
folds of the elbows, behind the knees, in front of the ankles, under
the buttocks or around the neck, ears or eyes?” Current wheezewas
deﬁned as a positive response to the question “Has your child ever
had wheezing in the chest in the past 12 months?” Current rhinitis
was deﬁned as a positive answer to the question “In the past 12
months, has your child had a problem with sneezing, or a runny or
blocked nose when he/she did not have a cold or the ﬂu?”
History of food allergy was determined on the basis of whether
the child ever received a doctor's diagnosis of the disease. The
child's body mass index (BMI) was categorized according to the
reference BMI values for Japanese children.9
Statistical analysis
All analyses were performed using the SPSS package version 21
(IBM Corp, Armonk, NY, USA). For comparison, the unpaired t-test
was used for continuous variables and the chi-square test was used
for categorical valuables. The association between each variable
and the prevalence of eczema was assessed among the children
with complete data by simple logistic regression analysis, and was
further analyzed by multiple logistic regressions using all study
variables. Variables were selected based on literature and on cor-
relations within our data set. A P-value of <0.05 was considered
statistically signiﬁcant.Results
Prevalence of eczema and comorbid allergic disease
The survey was distributed to 35,000 parents, and responded to
by 32,163 (91.9%) parents on behalf of 49,096 children aged 6 to 18.
A total of 28,348 children aged 6 to 12were included in the analyses
(Fig. 1). General characteristics of the study population are shown
in Table 1. The prevalence of current eczema was 13.0%.
Among the children with current eczema, 21.5% had current
wheeze, 68.4% had current rhinitis, and 28.0% had received a
diagnosis of food allergy. The prevalence of comorbid allergic dis-
eases was signiﬁcantly higher than in children without current
eczema (all P < 0.01) (Table 2).Factors associated with the prevalence of current eczema
Factors associated with the prevalence of current eczema were
analyzed using data of 23,662 children (Table 3). Paternal and
maternal eczema signiﬁcantly increased the prevalence of the
child's eczema (aOR: 2.46 95%CI: 2.17e2.79 P < 0.01, aOR: 2.49 95%
CI: 2.24e2.78 P < 0.01, respectively).
There was no difference in prevalence with respect to the mode
of delivery or birth weight. Children born in autumn and winter
reported a slightly higher prevalence of eczema compared with
those born in summer (aOR: 1.18 95%CI: 1.06e1.31 P < 0.01, aOR:
1.21 95%CI: 1.08e1.34 P < 0.01, respectively). The prevalence of
eczema was higher in children with a breastfeeding duration of at
least 6 months (aOR: 1.14 95%CI: 1.06e1.23 P < 0.01), but not
associated with daycare attendance during infancy. Regarding the
number of siblings, two or more siblings was associated with
decreased prevalence (aOR: 0.86 95%CI: 0.76e0.97 P ¼ 0.02). The
high household income group showed signiﬁcantly lower preva-
lence compared with the low household income group (aOR: 0.90
95%CI: 0.81e0.99 P ¼ 0.04).
The inﬂuence of pets differed between the periods of ownership.
Owning a pet from infancy showed signiﬁcantly increased eczema
prevalence (aOR: 2.61 95%CI: 1.68e4.07 P < 0.01), while the asso-
ciations of close contact with pets were not signiﬁcant for other
periods of ownership.Discussion
In this nationwide web-based study, the prevalence of eczema
among 6e12 year old childrenwas 13.0%. As in previous reports, the
comorbidity rate for other allergic diseases was found to be
Table 1
Basic characteristics of the study population (n ¼ 28,343).
Characteristics n (%) or mean ± SD
Age (yr) 8.9 ± 2.0
Sex
Male 50.3 (14,218)
Female 49.7 (14,095)
Number of siblings
none 17.4 (4928)
1 56.8 (16,111)
2 25.8 (7304)
Annual household income
<5 million 34.6 (9820)
5 <7.5 million 32.2 (9130)
7.5 million 24.0 (6800)
Unknown 9.1 (2593)
Paternal education level
Less than college 49.1 (13,905)
Completed college 47.7 (13,528)
Unknown 3.2 (910)
Maternal education level
Less than college 75.2 (21,326)
Completed college 23.6 (6683)
Unknown 1.2 (334)
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than the clear inﬂuence of heredity, the prevalence of eczema was
apparently associated with several environmental factors.
Children with a longer period of exclusively breastfeeding had
a slightly higher prevalence of eczema. Previous studies of the
effect of breastfeeding on the development of allergic diseases
including eczema have shown inconsistent results. While some
show the protective effect of breastfeeding toward allergic dis-
eases possibly due to soluble IgA or the inﬂuence toward gut
microbiota,11 a meta-analysis of 27 prospective cohort studies
failed to show any statistically signiﬁcant beneﬁt in exclusive
breastfeeding lasting 3 months or longer with respect to AD
prevention.12 Other nutritional factors, such as the comparatively
later introduction of solid food or the reduced diversity of solid
foods in infancy have recently been linked to the development of
eczema.13,14 An observational study in Denmark found that full
breastfeeding at ﬁve weeks was the most inﬂuential predictor for
later introduction of solid food,15 which is similarly reported in
several other studies. Thus, the longer duration of exclusive
breastfeeding might have caused relatively reluctant introduction
of solid food, leading to an increase in the prevalence of eczema
among our study population. Furthermore, since our cross-
sectional study could not rule out the possibility of a causal
relationship between a prolonged period of breastfeeding and
eczema, we need to be cautious in interpreting these results.
Regarding family size and household income, the protective
effect of the number of siblings has been well known since the
1990s,16 supporting the so-called “hygiene hypothesis”. Our anal-
ysis corroborated these ﬁndings. However, in contrast to previous
studies showing a correlation between an increase in theTable 2
Prevalence of comorbid allergic disease in the children with and without eczema.
Variable, no. (%) No eczema
(n ¼ 24,652)
Current eczema
(n ¼ 3691)
P
value
Current wheeze 2245 (9.1) 795 (21.5) <0.01
Current rhinitis 11,694 (47.4) 2523 (68.4) <0.01
Doctor diagnosed food
allergy
2185 (8.9) 1032 (28.0) <0.01prevalence of eczema and an increase in household income,17 our
study showed a decrease in prevalence among the high income
group. This trend was similar to the ﬁndings of an US population-
based study carried out in 2007.18 The reason for this discrepancy
is not clear, but might be related to the difference in access to
medical care or to sufﬁcient and early skin care in the study pop-
ulation affecting the possibility of early treatment or even
prevention.
Our study has shown pet exposure from infancy to be signiﬁcant
associated with current eczema. Although a recent meta-analysis of
birth cohort studies mainly conducted in Europe and the US has
shown that exposure to pets is related to an overall decrease in the
risk of childhood AD,19 its effect is also known to differ depending
on the amount or type of pet exposure,20,21 as well as the genetic
background of the child.22 Whether this discrepancy between our
ﬁndings and those of previous studies can be explained by the
amount of exposure due to housing conditions, social customs,
economic status, or the differences in genetic backgroundwill need
to be assessed in future studies. It should also be noted that chil-
dren with eczema might have avoided keeping pets after devel-
oping symptoms, possibly leading to the differences in the ﬁndings
between the periods of pet ownership.
There was a slight but signiﬁcant increase of eczema prevalence
among children born during autumn and winter. The increased
prevalence of eczema in children born in autumn andwinter and its
relationship with climatic data have been reported in previous
studies,23,24 which cited low humidity and decreased ultraviolet
(UV) exposure during early infancy as possible factors leading to
eczema development. A recent population based study among
children aged 0e17 years in the US has reported that lower tem-
perature and UV exposure increased eczema prevalence, under-
scoring the inﬂuence of climatic factors on the development of the
disease. Although still inconclusive, the suggested mechanisms for
the inﬂuence of UV toward eczema include increased stimulation of
previtamin D and the suppressive effect suberythemogenic UVB
has towards skin inﬂammation; as used in phototherapy for
eczema.25
The main limitation of our study was the questionnaire-based
diagnosis of eczema lacking direct physical examination. While
the ISAAC questionnaire is a validated, widely-used, highly sensi-
tive eczema symptom questionnaire, its speciﬁcity varies: falsely
detecting children with non-atopic eczema or dry skin.26,27
Another limitation is the nature of cross-sectional research,
which does not allow the possibility of recall bias or a causal
relationship in the results to be ruled out, as mentioned above.
The fact that the respondents were members of an internet
research panel, who were incentivized to respond, may affect the
generalizability of our ﬁndings. Although web-based research is
more useful than conventional methods for collecting large
quantities of data, its use in epidemiological studies is still limited
due to the concern that the respondents might not represent the
general public socio-demographically.7,28 However, a large
population-based epidemiological study conducted in Sweden,
where the internet-usage rate is high, revealed that the bias in
collecting information using web questionnaires was not greater
than that using paper questionnaires.29 Since the internet pene-
tration rate among Japanese people aged 20e49 yrs is similarly
high, exceeding 90%,30 the possibility of selection bias in our
current analyses might not be an important factor inﬂuencing the
ﬁndings. Overall, the strengths of this study include the fact that it
was a large-scale nationwide survey taking multiple demographic
and environmental factors into consideration by utilizing the
advantage of web-based research.
In conclusion, we were able to identify several environmental
factors related to the prevalence of eczema among Japanese
Table 3
Simple and multiple logistic regression analysis of risk factors for current eczema (n ¼ 23,662 with complete data).
Variable, no. (%) No eczema Current eczema OR (95%CI) P value aOR (95%CI)y P value
Sex
Female 10,272 (87.2) 1506 (12.8) 1 1
Male 10,218 (86.0) 1666 (14.0) 1.11 (1.03e1.20) 0.01 1.12 (1.04e1.21) <0.01
Paternal eczema
No 19,437 (87.5) 2787 (12.5) 1 1
Yes 1053 (73.2) 385 (26.8) 2.55 (2.25e2.89) <0.01 2.46 (2.17e2.79) <0.01
Maternal eczema
No 18,972 (87.8) 2629 (12.2) 1 1
Yes 1518 (73.7) 543 (26.3) 2.58 (2.32e2.87) <0.01 2.49 (2.24e2.78) <0.01
Birth weight
2500 g 17,667 (86.6) 2744 (13.4) 1 1
<2500 g 2823 (86.8) 428 (13.2) 0.98 (0.88e1.09) 0.67 1.00 (0.89e1.12) 0.98
Mode of delivery
Vaginal 17,170 (86.5) 2677 (13.5) 1 1
Cesarean section 3320 (87.0) 495 (13.0) 0.96 (0.86e1.06) 0.39 0.96 (0.86e1.07) 0.42
Season of birth
Summer (JuneAug) 5297 (87.8) 735 (12.2) 1 1
Spring (MareMay) 5183 (86.7) 798 (13.3) 1.11 (1.00e1.24) 0.06 1.10 (0.98e1.22) 0.10
Autumn (SepeNov) 5027 (86.1) 811 (13.9) 1.16 (1.05e1.29) 0.01 1.18 (1.06e1.31) <0.01
Winter (DeceFeb) 4983 (85.8) 828 (14.2) 1.20 (1.08e1.33) <0.01 1.21 (1.08e1.34) <0.01
Duration of exclusive breastfeeding
Less than 6mo 11,210 (87.5) 1604 (12.5) 1 1
At least 6mo 9280 (85.5) 1568 (14.5) 1.18 (1.10e1.27) <0.01 1.14 (1.06e1.23) <0.01
Daycare during infancy
No 18,932 (86.7) 2912 (13.3) 1 1
Yes 1558 (85.7) 260 (14.3) 1.09 (0.95e1.24) 0.24 1.10 (0.95e1.26) 0.21
Number of siblings
none 3333 (85.9) 549 (14.1) 1 1
1 11,664 (86.3) 1849 (13.7) 0.96 (0.87e1.07) 0.47 0.97 (0.87e1.08) 0.58
2 5493 (87.6) 774 (12.4) 0.86 (0.76e0.96) 0.01 0.86 (0.76e0.97) 0.02
Annual household income (Yen)
<5million 7486 (85.9) 1226 (14.1) 1 1
5 <7.5 million 7401 (86.6) 1148 (13.4) 0.95 (0.86e1.03) 0.22 0.95 (0.87e1.04) 0.24
7.5 million 5603 (87.5) 798 (12.5) 0.87 (0.79e0.96) <0.01 0.90 (0.81e0.99) 0.04
Paternal education level
Less than college 10,086 (86.7) 1543 (13.3) 1 1
Completed college 10,404 (86.5) 1629 (13.5) 1.02 (0.95e1.10) 0.54 1.03 (0.94e1.12) 0.57
Maternal education level
Less than college 15,523 (86.8) 2359 (13.2) 1 1
Completed college 4967 (85.9) 813 (14.1) 1.08 (0.99e1.17) 0.09 1.04 (0.94e1.14) 0.45
Pet ownership
None 15,171 (86.5) 2372 (13.5) 1 1
From before birth 2119 (86.2) 339 (13.8) 1.02 (0.91e1.16) 0.71 1.02 (0.90e1.15) 0.78
From infancy 79 (73.8) 28 (26.2) 2.27 (1.47e3.50) <0.01 2.61 (1.68e4.07) <0.01
From after age 1 3121 (87.8) 433 (12.2) 0.89 (0.80e0.99) 0.03 0.99 (0.89e1.11) 0.89
Body mass index
<95 percentile 18,559 (86.5) 2899 (13.5) 1 1
95 percentile 1931 (87.6) 273 (12.4) 0.91 (0.79e1.03) 0.14 0.93 (0.81e1.06) 0.26
y Multiple logistic regression models were constructed using age and all variables shown.
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